This paper provides the first phylogenetic classification of the Atlides Section (Lycaenidae: Theclinae, Eumaeini).
Introduction
) discovered a great variety of male secondary sexual organs among the New World hairstreak butterflies (Lycaenidae, Eumaeini), especially among those species currently placed in Atlides and related genera (Figs. 1-7). They proposed a classification that was based, in large part, on these organs. The significance of these organs was ignored for decades until their fine structure was detailed using scanning electron micrographs and wing slides (Robbins 1991; Robbins et al. 2012; Martins et al. 2016) . Based on these studies, scent pads, scent patches, scent pouches, and brush organs were characterized (summarized in Martins et al. 2018) . Using the morphological results in Godman and Salvin as a foundation, Martins et al. (2018) performed phylogenetic analyses of Atlides and related genera.
The purpose of this paper is to update the taxonomy of the Atlides Section based on the phylogenetic analysis in Martins et al. (2018) (Fig. 8 ). In particular, we describe morphological evidence for recognizing the Atlides Section, including the genus Brangas Hübner, which was not included in the section by Robbins (2004b) . We partition the Atlides Section into monophyletic genera, characterize each phylogenetically, and update the species level classification of each genus.
Classification History. Robbins (2004b) preliminarily grouped Atlides Hübner, Arcas Swainson, Theritas Hübner, and Pseudolycaena Wallengren in the Atlides Section of the Eumaeini (56 described species recognized). Classification is scanty. Arcas is the only genus to have been the subject of phylogenetic revision, based on morphology (Robbins et al. 2012) . The small genus Pseudolycaena was the subject of conflicting, nonphylogenetic taxonomic papers (e.g., Clench 1964; Austin et al. 2007) . The taxonomy of parts of Theritas (sensu Robbins 2004b ) has been addressed (Balint 2002 (Balint , 2006 . Recently, the taxonomy of Theritas lisus (Stoll) and close relatives, including association of the dimorphic sexes, was updated using morphology and mitochondrial DNA sequence data .
A phylogenetic study of exemplar Eumaeini taxa using 3,863 DNA base pairs (Quental, unpublished dissertation) differed in two respects from the morphological checklist classification of the Atlides Section. First, Brangas was excluded from the Atlides Section in the checklist, but was included in the Atlides Section in the molecular phylogeny results. Second, the genus Theritas in the checklist was used as a catchall for those Atlides Section species that did not belong to one of the other readily recognized genera. Theritas was paraphyletic in the molecular phylogeny results, but only 12 of the proposed species of the section were included in the molecular phylogeny.
FIGURES 1-7. Male wing pattern in the Atlides Section. Dorsal and ventral surfaces. 1. Theritas mavors. 2. Arcas imperialis. 3. Lucilda crines. 4. Pseudolycaena marsyas. 5. Brangas caranus. 6. Atlides halesus. 7. Denivia deniva.
Material and methods
The data matrix and phylogenetic analyses are available on Martins et al. 2018 . The matrix in nexus format, including the characters, is available electronically in Morphobank (https://morphobank.org/index.php/Projects/ ProjectOverview/project_id/3345). According to Martins et al. (2018) , there was a single most parsimonious tree (Fig. 8) . Implied weight analysis with concavity constant (k) 500, 100 and 50 yielded one tree with the same topology. Analyses with k = 10 and k = 3 each yielded one tree that differed slightly (2 or 3 steps longer assuming equal weight), but the Atlides Section and each of its constituent genera were monophyletic in all trees.
Species level decisions were made based primarily upon an analysis of morphological variation among 240 specimens of the 44 species in the matrix. We also examined cursorily all species of Atlides and Brangas. Specimens were examined in the American Museum of Natural History, New York, USA; The Natural History Museum [formerly British Museum (Natural History)], London, UK; Departamento de Zoologia, Universidade Federal do Paraná, Curitiba, PR, Brazil; Fundação Instituto Oswaldo Cruz, Rio de Janeiro, RJ, Brazil; Museo del Instituto de Zoología Agrícola, Maracay Venezuela; Museu Nacional, Universidade do Rio de Janeiro, RJ, Brazil; Museo de Historia Natural, Universidad Nacional Mayor de San Marcos, Lima, Peru; Museu de Zoologia, Universidade de São Paulo, São Paulo, SP, Brazil; Private collection of Robert C. Busby, Andover, MA, USA; National Museum of Natural History, Smithsonian Institution, Washington, DC, USA.
The phylogenetic results are incorporated into the proposed classification, which is updated from Robbins (2004b) , Robbins et al. (2012) and Martins et al. (2016) . New combinations are noted. New synonymies for names proposed after 2003 are indicated, when appropriate. Name changes necessitated by subsequent ICZN rulings are noted.
Information on the distribution and habitat for each species was accumulated from the literature, from museum collections studied (listed above), and from our fieldwork. States in Brazil and the United States are noted by their two-letter postal codes. Those in Mexico by their three-letter codes. The Transandean, Amazonian, and Atlantic biogeographic regions follow Brown (1982) .
Results and discussion
The Atlides Section Six synapomorphies characterize the Atlides Section in the phylogenetic results (Table 1, Fig. 8 ), including a cleft anal angle of the hindwing (Martins et al. 2018) . This trait was used historically to characterize the group (Godman & Salvin 1887 -1901 Robbins 2004a) . It occurs in all species of the Atlides Section (illustrated for each genus, Figs. 9-15). The cleft anal angle occurs at vein 2A, which usually terminates on the distal side of the indentation. Indentations are unreported in other Eumaeini, except for two species of Panthiades (Godman & Salvin 1887 -1901 . The depth of the cleft anal angle was treated as three states in the phylogenetic analysis (Martins et a. 2018) . As noted by Godman & Salvin (1887 -1901 , a deep indentation occurs in Arcas (Fig. 9) , a shallow indentation occurs in Brangas (Figs. 10), and an "intermediate" indentation occurs in all other members of the Atlides Section (Figs. 11-15 ). We do not propose a subtribe name for the Atlides Section. It is one of numerous unresolved clades with long branches (Quental, unpublished dissertation) . Genomic sequencing currently in progress may resolve eumaeine subtribe classification, but it is currently premature to propose a more extensive higher classification. For now, we adhere to Eliot's (1973) classification based on sections. Robbins (2004a, b) excluded Brangas from the Atlides Section based on morphological differences of the genitalia and male secondary sexual traits. As noted, Brangas possesses a hindwing anal cleft, and the phylogenetic results strongly support the inclusion of Brangas (B. caranus and B. getus) in the Atlides Section as the sister of Atlides. The morphological differences that distinguish Brangas from the other Atlides Section genera appear to be autapomorphies.
The phylogeny based on DNA sequences in Quental (unpublished dissertation) was rooted on the lineage leading to Pseudolycaena. If one roots the Quental phylogeny where the tree of Martins et al. (2018) was rooted, the cladograms are the same, albeit with significantly fewer species in Quental. This congruence lends support to the phylogenetic results of Martins et al. (2018) . Despite the different placement of the root, which may be due to the different ingroup sampling densities, the genera that we recognize are monophyletic in all analyses.
We here treat the Atlides Section as consisting of seven genera containing 71 described species. Theritas Hübner, 1818
Type species: Theritas mavors Hübner Theritas as reclassified here is a small, widespread Neotropical genus of five species. Theritas mavors and T. triquetra are common, primarily lowland forest species that replace each other geographically. Theritas paupera, T. harrietta, and T. drucei are South American montane forest species that also replace each other geographically. Theritas is sister to Arcas and is characterized by five synapomorphies (Table 1 , Fig. 8 ). It is most readily recognized by the color of its wings, despite the substantial variability within species. Males are greenish-blue dorsally and have a distinctive muted green ground color ventrally (Figs. 1 and 12 ). Denivia phegeus is the only other Atlides Section species with superficially similar male coloration. Females have brown scaling dorsally and ventrally (except for T. harrieta). In flight, the brown females somewhat resemble satyrine butterflies (Nymphalidae). Denivia hemon is the only other Atlides Section species with similar female coloration. (2007) proposed that T. paupera consists of two species distinguished by the presence/absence of a dorsal forewing scent pad and by color of the ventral wings. In the study series for this paper, the scent pad varies from absent to a few scales at the posterior disco-cellular vein (cannot be seen without the aid of a microscope) to enough scales to cover the lower disco-cellular vein to sufficient scales to cover both the lower and middle disco-cellular veins. Bálint and Wojtusiak did not address the hypothesis that scent pad size in T. paupera is variable, including absence. Further, Bálint and Wojtusiak suggested that presence of a scent pad was correlated with wing color, but we found no correlation in the study series. The description of T. gozmanyi was also problematic for another reason. The authors claimed without evidence that the male of T. paupera lacks a scent pad, but the holotype of T. paupera is a female. Even if there were two distinct biological species-and we know of no compelling evidence to support such a hypothesis-we do not know to which species the name T. paupera would apply. The species currently placed in Arcas have been recognized as a distinct and widespread Neotropical group for more than a century (Godman & Salvin 1887 -1901 Draudt 1919 Draudt -1920 . Nicolay (1971) first revised the genus, recognizing seven species. In the ensuing decades, other names were proposed, leading to the phylogenetic revision in Robbins et al. (2012) and the recognition of nine species. The study of Martins et al. (2018) identified ten synapomorphies for Arcas (Table 1 , Fig. 8 ), but the emerald green ventral wings, long hindwing tails, and deep anal lobe cleft are conspicuous characterizing traits ( Fig. 2 and  9 ). The genus can also be recognized by its male and female genitalic structures.
The phylogenetic results in Martins et al. (2018) differ from those in Robbins et al. (2012) in the position where the genus is rooted. The grouping A. splendor + A. alleluia + A. gozmanyi was a monophyletic lineage previously, but because of the changed rooting, is now a paraphyletic group. Lucilda crines (Druce) has been traditionally grouped with species now placed in Denivia (Druce 1907; Draudt 1919 Draudt -1920 . In all analyses of Martins et al. (2018) , L. crines formed a monophyletic lineage with four other species characterized by three synapomorphies (Table 1 ). In particular, these five are the only species in the Atlides Section lacking a dorsal process on the male genitalia vinculum (Figs. 16-17) . We do not place L. crines in its own genus (Margaritheclus Bálint 2002) because the information content of monotypic genera is redundant (Farris 1979) and because monotypic genera are not testable hypotheses. As characterized, Lucilda consists of five species that inhabit wet forest. The type species (Fig. 3 ) occurs in lowlands under 800 m while the others inhabit montane forest above 1,000 m. Among the Atlides Section genera, Lucilda is the most poorly represented in museum collections. The genus occurs from Costa Rica to Bolivia.
Lucilda margaritacea (Draudt, 1919) Two Pseudolycaena species have been recognized traditionally (Godman & Salvin 1887 -1901 Draudt 1919 Draudt -1920 Robbins 2004b (Martins et al. 2018) , as they were informative, but could not confirm the validity of others because of excessive intraspecific variation. We follow the traditional two species taxonomy but note that the name P. dorcas (Druce) refers to populations that appear to be a hybrid mix of the two species. The genus occurs almost everywhere in the Neotropics, but the two species are allopatric or parapatric in all parts of their range except for a few scattered records of P. marsyas and P. damo on the wet Caribbean coast of Central America. Pseudolycaena is characterized by seven synapomorphies (Table 1) , but the conspicuous disjointed spotting on the ventral wing patterns, the size, and the wing shape make this genus immediately recognizable (Figs. 4 and 14) . Brangas is characterized by eight synapomorphies (Table 1 ), but they are exceedingly tentative because we included only two Brangas species in the phylogenetic analyses. However, every Brangas species has a male genitalia dorsal vinculum process that lies under and inside of its associated brush organs, a trait that occurs nowhere else in the Eumaeini. There are sixteen described and three undescribed species of Brangas. The genus occurs from Mexico to southern Brazil and northern Argentina. Robbins (2004b) placed Thecla teucria Hewitson in Brangas while Bálint & Faynel (2008) moved Brangas teucria to the monotypic genus Dabreras. Brangas teucria possesses a shallow hindwing anal lobe cleft similar to that in Brangas. Males of B. teucria have a male genitalia dorsal vinculum process that lies under and inside of its associated brush organs, as it does in Brangas. Finally, the genitalia of B. teucria and B. rita (Goodson) are almost indistinguishable.
Brangas teucria (Hewitson, 1868) (Thecla), type locality: Brazil Distribution and Habitat. The Amazonian Region in wet lowland forest. Brangas rita (Goodson, 1945) Atlides in the phylogenetic results is characterized by five synapomorphies (Table 1 ), but as with Brangas, they are tentative because we included only three Atlides species in the phylogenetic analyses. A double scent pad in the discal cell (Fig. 11) is a trait that appears to be unique to Atlides, but we do not yet know if it is a synapomorphy. The type species of Atlides and Riojana share this trait. There are eighteen described and four undescribed species in Atlides. The species A. halesus is unique in the Atlides Section in that it occurs widely in the temperate parts of North America (south in the mountains to Costa Rica). Atlides thargelia occurs widely in subtropical parts of southern South America.
Atlides and Brangas have traditionally been considered close relatives because of ventral wing pattern similarity (Draudt 1919 (Draudt -1920 . The results in Quental (unpublished dissertation) and here support a sister group hypothesis. However, because the taxon sampling for this paper was incomplete for Atlides and Brangas, it is yet premature to conclude whether the wing pattern similarities between these two genera are due to inheritance from a common ancestor or to convergence. Distribution and Habitat. Mexico to western Ecuador in forest in both lowlands and lower montane forest.some montane species are common in museum collections, such as D. monica, and some are relatively rare, such as D. curitabaensis. Denivia lisus and D. hemon are widespread, occurring from Mexico to southern Brazil. Within Denivia, the female of D. hemon is the only one that is entirely brown dorsally and ventrally, so that it resembles females of Theritas.
Denivia in the results is characterized by a membranous area in the female ductus bursae (Table 1, . Although the occurrence of this character is homoplastic, Denivia is monophyletic in all analyses. There is no evident way to divide the genus into better-supported genera. The original description of Denivia (Johnson 1992) included species that are currently placed in Denivia, Lucilda, and Atlides, but most of the species listed below have not previously been placed in Denivia.
The most conspicuous trait of Denivia is the dorsal forewing scent patch in which neutral-colored androconia are intermixed with iridescent blue wing scales (Fig. 20) . According to Martins et al. (2018) (Fig. 8) , this trait evolved within Denivia and was lost evolutionarily once. We know of no other male museum specimen. Based on its ventral wing pattern, this species is tentatively placed in Denivia so that it has a generic name.
Excluded from the Atlides Section. Thecla anna Druce "belongs to a group by itself" (Druce 1907: 39) and has been described as "an entirely isolated animal" (Draudt 1919 (Draudt -1920 . Robbins (2004b) provisionally placed it in Theritas based on superficial similarities in brush organ structure. Balint et al. (2006) removed it from the Atlides Section because it lacked a hindwing anal cleft. This species did not cluster with the Atlides Section in an exemplar phylogeny based on DNA sequences (Quental, unpublished dissertation) . There is no compelling evidence of which we are aware that it belongs to the Atlides Section.
Conclusion
This paper provides the first classification of the Atlides Section based on phylogenetic analyses, in accord with the general lycaenid taxonomic scheme in Eliot (1973) . It provides character evidence for the scattered historical remarks suggesting relationships among the included taxa (Godman & Salvin 1887 -1901 Clench 1964; Nicolay 1971) . For the first time, genera are characterized using phylogenetic evidence. The new classification of the Atlides Section is now updated with a considerable amount of data on distribution and habitat.
